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1
METHOD FOR FABRICATING AN
ELECTRONIC COMPONENT

TECHNICAL FIELD

The present invention relates to a method for fabricating an
electronic component and to an electronic component.

BACKGROUND

In many electronic components a semiconductor chip has
to be mounted onto a carrier, in particular an electrically
conductive carrier like, for example, a leadframe. It is impor-
tant that the connection between the semiconductor chip and
the carrier is of high reliability and exhibits high electrical and
thermal conductivity. During and after the mounting process
of'the semiconductor chip onto the carrier, however, problems
may occur depending on the applied fixation technology. The
problems may arise, for example, from different thermal
expansion coefficients of the semiconductor material and the
carrier material which may lead to thermal mechanical stress.
In case of thinned semiconductor chips these stress reactions
may even lead to microscopic damage of the semiconductor
chip like the formation of cracks. In other cases the stress may
lead to a strong deformation of the semiconductor substrate
so that the following process steps are no long possible like,
for example, laser drilling, lamination, wire bonding, etc. In
general the stress generated in the semiconductor chip
severely affects the reliability of the following process steps.
Therefore, there is a need for an interconnection technology
which is able to provide a stable and permanently reliable
connection between a semiconductor chip and a carrier with
high electrical and thermal conductivity.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of embodiments and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments and together with the description
serve to explain principles of embodiments. Other embodi-
ments and many of the intended advantages of embodiments
will be readily appreciated as they become better understood
by reference to the following detailed description. The ele-
ments of the drawings are not necessarily to scale relative to
each other. Like reference numerals designate corresponding
similar parts.

FIG. 1 shows a flow diagram of a method for fabricating an
electronic component according to an embodiment;

FIGS. 2A and 2B, collectively FIG. 2, show a schematic
cross-sectional side view representation (FIG. 2A) and a
down view representation (FIG. 2B) of a semiconductor chip
with contact pillars to illustrate a method for fabricating an
electronic component according to an embodiment;

FIG. 3 shows a schematic cross-sectional side view repre-
sentation of the assembly of FIG. 2 after filling a filler mate-
rial into the intermediate spaces between the contact pillars;

FIG. 4 shows a schematic cross-sectional side view repre-
sentation of an electronic component obtained after attaching
the assembly of FIG. 3 onto a leadframe;

FIG. 5 shows a schematic cross-sectional side view repre-
sentation of'an electronic component according to an embodi-
ment; and

FIG. 6 shows a schematic cross-sectional side view repre-
sentation of'an electronic component according to an embodi-
ment.
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DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The aspects and embodiments are now described with ref-
erence to the drawings, wherein like reference numerals are
generally utilized to refer to like elements throughout. In the
following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough
understanding of one or more aspects of the embodiments. It
may be evident, however, to one skilled in the art that one or
more aspects of the embodiments may be practiced with a
lesser degree of the specific details. In other instances, known
structures and elements are shown in schematic form in order
to facilitate describing one or more aspects of the embodi-
ments. It is to be understood that other embodiments may be
utilized and structural or logical changes may be made with-
out departing from the scope of the present invention. It
should be noted further that the drawings are not to scale or
not necessarily to scale.

In addition, while a particular feature or aspect of an
embodiment may be disclosed with respect to only one of
several implementations, such feature or aspect may be com-
bined with one or more other features or aspects of the other
implementations as may be desired and advantageous for any
given or particular application. Furthermore, to the extent that
the terms “include,” “have,” “with” or other variants thereof
are used in either the detailed description or the claims, such
terms are intended to be inclusive in a manner similar to the
term “comprise.” The terms “coupled” and “connected,”
along with derivatives may be used. It should be understood
that these terms may be used to indicate that two elements
cooperate or interact with each other regardless whether they
are in direct physical or electrical contact, or they are not in
direct contact with each other. Also, the term “exemplary” is
merely meant as an example, rather than the best or optimal.
The following detailed description, therefore, is not to be
taken in a limiting sense, and the scope of the present inven-
tion is defined by the appended claims.

The embodiments of an electronic component and a
method for fabricating an electronic component may use
various types of semiconductor chips or circuits incorporated
in the semiconductor chips, among them logic integrated
circuits, analogue integrated circuits, mixed signal integrated
circuits, sensor circuits, MEMS (Micro-Electro-Mechanical-
Systems), power integrated circuits, chips with integrated
passives, etc. The embodiments may also use semiconductor
chips comprising MOS transistor structures or vertical tran-
sistor structures like, for example, IGBT (Insulated Gate
Bipolar Transistor) structures or, in general, transistor or
other structures or devices in which at least one electrical
contact pad is arranged on a first main face of the semicon-
ductor chip and at least one other electrical contact pad is
arranged on a second main face of the semiconductor chip
opposite to the first main face of the semiconductor chip.

In several embodiments layers or layer stacks are applied to
one another or materials are applied or deposited onto layers.
It should be appreciated that any such terms as “applied” or
“deposited” are meant to cover literally all kinds and tech-
niques of applying layers onto each other. In particular, they
are meant to cover techniques in which layers are applied at
once as a whole like, for example, laminating techniques as
well as techniques in which layers are deposited in a sequen-
tial manner like, for example, sputtering, plating, molding,
CVD, etc.

The semiconductor chips may comprise contact elements
or contact pads on one or more of their outer surfaces wherein
the contact elements serve for electrically contacting the
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semiconductor chips. The contact elements may have any
desired form or shape. They can, for example, have the form
of lands, i.e., flat contact layers on an outer surface of the
semiconductor chip. The contact elements or contact pads
may be made from any electrically conducting material, e.g.,
from a metal as aluminum, gold, or copper, for example, or a
metal alloy, or an electrically conducting organic material, or
an electrically conducting semiconductor material.

In the claims and in the following description different
embodiments of a method for fabricating an electronic com-
ponent are described as a particular sequence of processes or
measures, in particular in the flow diagram. It is to be noted
that the embodiments should not be limited to the particular
sequence described. Particular ones or all of different pro-
cesses or measures can also be conducted simultaneously or
in any other useful and appropriate sequence.

Referring to FIG. 1, a flow diagram of a method for fabri-
cating an electronic module is shown. The method 100 of
FIG. 1 comprises providing a carrier (110), providing a semi-
conductor chip (120), applying a connection layer to a first
main face of the semiconductor chip, the connection layer
comprising a plurality of depressions (130), applying a filler
material to the connection layer or to the carrier (140), attach-
ing the semiconductor chip with the connection layer to the
carrier (150), and applying one or more of heat, pressure and
ultra-sonic to fix the semiconductor chip to the carrier (160).

The filler material can either be filled directly into the
depressions of the connection layer or it can be applied onto
the connection layer above the pillars defining the depres-
sions between them or it can be applied to the carrier. Due to
the subsequent treatment, the filler material may flow into the
depressions so that the depressions may be completely filled
with the filler material.

According to an embodiment of the method 100 of FIG. 1,
the carrier is comprised of an electrically conductive material.
In particular, the carrier can be comprised of a leadframe or
any other metallic carrier. The carrier can also be comprised
of an insulating material having metallized areas on a main
face thereof or of a printed circuit board (PCB) or any other
substrate.

According to an embodiment of the method 100 of FIG. 1,
the semiconductor chip comprises a first main face and a
second main face opposite to the first main face, wherein at
least one electrical contact pad is arranged on the first main
face and at least one electrical contact pad is arranged on the
second main face. According to an embodiment thereof, the
semiconductor chip comprises a vertical transistor structure
like, for example, an IGBT (Insulated Gate Bipolar Transis-
tor) structure.

According to an embodiment of the method 100 of FIG. 1,
the semiconductor chip may comprise any kind of electrical
device or electrical circuit incorporated in the semiconductor
chip, in particular one or more of a logic integrated circuit, an
analog integrated circuit, a mixed signal integrated circuit, a
sensor circuit, a MEMS (Micro-Electro-Mechanical-Sys-
tems), a power integrated circuit, a transistor like, for
example, an MOS transistor, a power transistor, an IGBT
transistor, or a vertical transistor.

According to an embodiment of the method 100 of FIG. 1,
the depressions of the connection layer can have any desired
form and shape. In particular, the depressions can have equal
form and shape or they can be different in form and shape
wherein also a part of the plurality of depressions can be equal
in form and shape. The depressions or part of them can have
a depth so that they reach through the layer until the first main
face of the semiconductor chip, or the depressions or part of
them can have a depth so that they do not reach through the
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layer until the first main face of the semiconductor chip. The
depressions or part of them can have vertical side walls. The
depressions can have a rectangular-shaped cross-section. The
topology of the pillars can also be adjusted to the topology of
the carrier, e.g., the bump tips may define at least a plane for
a planar carrier.

According to an embodiment of the method 100 of FIG. 1,
the depressions can be defined by pillars of the connection
layer wherein the depressions are comprised of intermediate
spaces between the pillars. The pillars can have a lateral size
in a range from 5 pm-50 pm and a height in a range from 10
um-30 pum, for example. The distances between the pillars can
be in a range from 5 um-50 um. The size of the pillars and the
distances between the pillars can be chosen such that the
depressions formed by the intermediate spaces between the
pillars are contiguous or non-contiguous. According to one
example, the pillars and the intermediate spaces between
them are formed to a regular pattern, in particular to a check-
ered pattern, in which case the pillars and the intermediate
spaces between them occupy identical space volumes or, in
case of very many pillars or big area pillars, the pillars may
occupy only a fraction of the total area with increased pitch
between the pillars.

According to an embodiment of the method 100 of FIG. 1,
the connection layer may be generated by applying a connec-
tion base layer to the main face of the semiconductor chip and
then removing predetermined portions of the connection base
layer. The predetermined portions of the connection base
layer can be removed by laser structuring or by etching.

According to an embodiment of the method 100 of FIG. 1,
the connection base layer can be comprised of an electrically
conductive material like, for example, copper or any other
metallic material.

According to an embodiment of the method 100 of FIG. 1,
the connection base layer can be comprised of an insulating
material.

According to an embodiment of the method 100 of FIG. 1,
the connection layer comprising the plurality of depressions
can be fabricated by a photolithographic method or a lift-off
method.

According to an embodiment of the method 100 of FIG. 1,
the filler material is comprised of one or more of a heat-
shrinkable material, an electrically conductive material, an
insulator material, a polymer material, an adhesive material,
and anyone of the above-mentioned materials as a host mate-
rial filled with particles, in particular one or more of electri-
cally conductive particles, insulating particles, and micro-
scopic or nanoscopic particles.

According to an embodiment of the method 100 of FIG. 1,
the semiconductor chip is comprised of a semiconductor chip
region of a semiconductor wafer, the semiconductor wafer
comprising multiple semiconductor chip regions. The mul-
tiple semiconductor chip regions may comprise a common
first main face. The connection layer may be applied on a
wafer level basis and, in particular, also the filling of the filler
material into the depressions may be performed on a wafer
level basis. Thereatfter, the semiconductor wafer may be sepa-
rated into individual semiconductor chips. One of the semi-
conductor chips may then be attached to a carrier and fixed to
it as described before.

Referring to FIGS. 2 to 4, there are shown schematic rep-
resentations for illustrating a method for fabricating an elec-
tronic component. FIGS. 2A and 2B show a schematic cross-
sectional representation (A) and a down view representation
(B) of a semiconductor chip 200 and a connection layer 250
applied to the semiconductor chip 200. FIG. 2A is a cross-
section along line A-A of FIG. 2B. The semiconductor chip
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200 can be comprised of, for example, a silicon chip and can
be further comprised of a chip having a first contact layer 210
disposed on a first main face of the semiconductor chip 200
and second and third contact layers 220 and 230 disposed on
a second main face opposite to the first main face. The semi-
conductor chip 200 can, for example, be comprised of a
vertical transistor chip like, for example, an IGBT (Insulated
Gate Bipolar Transistor). The first, second and third contact
layers 210, 220 and 230 can be the drain, source and gate
contact layers of an IGBT. The semiconductor chip 200 can
have a thickness in a range from 50 um-800 pm, in particular
from 50 pum-300 pm, in particular from 50 um-100 pm. The
semiconductor chip 200 can either be an individual semicon-
ductor chip or a semiconductor chip region within a semicon-
ductor wafer.

The connection layer 250 can be comprised of a regular
array of contact pillars 251 and intermediate spaces (depres-
sions) 252 between the contact pillars 251. As shown in FIG.
2B, the arrangement of contact pillars 251 and intermediate
spaces 252 can be that of a checker board pattern which
means that the total number of contact pillars 251 and the total
number of intermediate spaces 252 occupy identical space
volumes. In the embodiment shown in FIG. 2B, the interme-
diate spaces 252 are separated from each other. However, it
can also be the case that the contact pillars 251 have smaller
lateral dimensions or greater distances between each other so
that the intermediate spaces 252 between the contact pillars
251 are connected with each other and form a contiguous
empty space between die contact pillars 251. The contact
pillars 251 can have a rectangular cross-section and vertical
side walls and the intermediate spaces 252 can also have
rectangular cross-sections and vertical side walls. The pillars
251 can also have any other desired shapes, e.g., Y-, U-, I-, or
X-like shapes, and also non-vertical sidewalls, preferably
those with an angle of over 90° versus the plane. The contact
pillars 251 can have a width, i.e., a lateral edge length in a
range from 5 um-50 um and a height in a range from 5 pm-30
um. The contact pillars 251 can be made of a metallic material
like, for example, copper. They can be fabricated by deposit-
ing a copper layer and thereafter removing predetermined
portions by, for example, photolithographic technology and
etching. The predetermined portions are intended to become
the intermediate spaces 252. As an alternative it is also pos-
sible to deposit the copper layer through a mask, wherein the
masking portions of the mask define areas where no copper is
to be deposited, i.e., regions corresponding to the intermedi-
ate spaces 252.

Referring to FIG. 3, there is shown a schematic cross-
sectional representation of the assembly as shown in FIG. 2A
after depositing a filler material 300 into the intermediate
spaces 252. The filler material 300 can be one or more of a
heat-shrinkable material, an electrically conductive material,
an insulator material, an adhesive material, a polymer mate-
rial, a non-conductive paste (NCP), a non-conductive foil,
and any kind of host material filled with particles, in particu-
lar conductive particles or insulating particles, in particular
microscopic or nanoscopic particles. The filler material can,
in particular, be comprised of an intrinsically conductive
polymer like, for example, doped or undoped polythiophen
(Poly-(3,4-ethylendioxythiopen), which can be filled with
electrically conductive or insulating particles. The filler mate-
rial 300 can be deposited by different methods and technolo-
gies depending on the kind and nature of the filler material
300. The filler material 300 can, for example, be filled into or
over the intermediate spaces 252 by spin-coating, lamination,
printing, or coating by means of a doctor blade or a squeegee.
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Referring to FIG. 4, there is shown a cross-sectional rep-
resentation of the assembly of FIG. 3 after attaching it to a
carrier 400 like, for example, a leadframe. The leadframe 400
can, for example, be made of copper or a copper alloy. The
leadframe 400 may comprise a first, upper surface 410 and a
second, lower surface 420 opposite to the upper surface 410.
The leadframe 400 can have a silver or nickel plating of a
thickness in a range from 500 nm-5 um at an entire surface
thereof or only on the first surface 410 where electrical
devices are to be connected.

The assembly shown in FIG. 3 comprising the semicon-
ductor chip 200, the connection layer 250 and the filling
material 300 is attached to the first surface 410 of the lead-
frame 400. Then one or more of pressure, heat, and ultra-
sound can be applied in order to fix the semiconductor chip to
the leadframe 400 so that at first only a form-fit connection
between the semiconductor chip 200, the connection layer
250, the filling material 300 and the leadframe 400 is estab-
lished. Pressure can be exerted from above and below to press
the semiconductor chip 200 and the leadframe 400 together
and a temperature in a range from 100° C.-250° C., or 150° C.
10 200° C., canbe applied for 1-10 min to fix the lower surface
of'the connection layer 250 and the filling material 300 to the
upper surface of the leadframe 400. As an alternative to the
heat treating or in addition thereto, ultra-sonic radiation can
be directed to the junction between the semiconductor chip
200 and the leadframe 400.

A result of such a treatment, as described above, will be that
an adhesive bond is developed between the filler material 300
and the contact pillars 251, between the filler material 300 and
the leadframe 400, and between the contact pillars 251 and
the leadframe 400. The heat-shrinkability ofthe filler material
300 can be irreversible by nature of the filler material so that
the adhesive bond between these components will be stable
and permanently reliable. In operation of the electrical device
of the semiconductor chip, in particular a vertical transistor,
the adhesive bond can be even further enhanced due to the
applied voltage and the current flowing through the contacts
due to electro-diffusion and electro-migration and the result-
ing diffusion of atoms from one side of anyone of the contact
junctions to the other side. Furthermore, the filler material
300 may act as a barrier for mechanically induced cracks or
tears which may occur in the connection layer, i.e., the contact
pillars 251. As a result, there is not only an advantage as
regards the stability of the connection as also with respect to
electromigration issues that arise from solder based contact-
ing.

Referring to FIG. 5, there is shown a schematic cross-
sectional side view representation of an electronic component
according to an embodiment. The electronic component 500
comprises a carrier 510, a semiconductor chip 520 compris-
ing a main face 521 and a first contact layer 522 at the back
surface, a connection layer 530 applied to the main face 521
of the semiconductor chip 520, the connection layer 530
comprising a plurality of depressions 531, a filler material
540 disposed within the depressions 531, wherein the con-
nection layer 530 is disposed between the semiconductor chip
520 and the carrier 510.

The electronic component can have any further feature as
described above in connection with the fabrication method.
Only a few important features will be described in the follow-
ing.

According to an embodiment of the electronic component
500 of FIG. 5, the carrier 510 is comprised of an electrically
conductive material. In particular, the carrier 510 can be
comprised of a leadframe or any other metallic carrier. The
carrier 510 can also be comprised of an insulating material
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having metallized areas on a main face thereof or of a printed
circuit board (PCB) or any other substrate.

According to an embodiment of the electronic component
500 of FIG. 5, the semiconductor chip 520 comprises a first
main face and a second main face opposite to the first main
face, wherein at least one electrical contact pad is arranged on
the first main face and at least one electrical contact pad is
arranged on the second main face. According to an embodi-
ment thereof, the semiconductor chip 520 comprises a verti-
cal transistor structure like, for example, an IGBT (Insulated
Gate Bipolar Transistor) structure.

According to an embodiment of the electronic component
500 of FIG. 5, the semiconductor chip 520 may comprise any
kind of electrical device or electrical circuit incorporated in
the semiconductor chip, among them a logic integrated cir-
cuit, an analog integrated circuit, a mixed signal integrated
circuit, a sensor circuit, a MEMS (Micro-Electro-Mechani-
cal-Systems), a power integrated circuit, a transistor like, for
example, an MOS transistor, an IGBT transistor, or a vertical
transistor.

According to an embodiment of the electronic component
500 0fFIG. 5, the depressions 531 of the connection layer 530
can have any desired form and shape. In particular, the
depressions 531 can have equal form and shape or they can be
different in form and shape, wherein also a part of the plural-
ity of depressions 531 can be equal in form and shape. The
depressions 531 or part of them can have a depth so that they
reach through the layer 530 until the first main face 521 of the
semiconductor chip 520, or the depressions 531 or part of
them can have a depth so that they do not reach through the
layer 530 until the first main face 521 of the semiconductor
chip 520. The depressions 531 or part of them can have
vertical side walls. The depressions 531 can have a rectangu-
lar-shaped cross-section.

According to an embodiment of the electronic component
500 of FIG. 5, the depressions 531 can be defined by pillars
550 of the layer 530, wherein the depressions 531 are com-
prised of intermediate spaces between the pillars 550. The
pillars 550 can have a lateral size in a range from 5 pm-50 pm
and a height in a range from 10 um-30 pm, for example. The
distance between the pillars 550 can be in a range from 5
um-500 um or more. The size of the pillars 550 and the
distance between the pillars 550 can be chosen such that the
depressions 531 formed by the intermediate spaces between
the pillars 550 are contiguous or non-contiguous. According
to one example, the pillars 550 and the intermediate spaces
between them are formed to a regular pattern, in particular to
a checkered pattern, in which case the pillars 550 and the
intermediate spaces between them occupy identical space
volumes. According to an embodiment the area occupied by
the pillars 550 is much smaller compared with the total area.

According to an embodiment of the electronic component
500 of FIG. 5, the connection layer 530 or the pillars 550 can
be comprised of an electrically conductive material like, for
example, copper or any other metallic material.

According to an embodiment of the electronic component
500 of FIG. 5, the connection layer 530 or the pillars 550 can
be comprised of an insulating material.

According to an embodiment of the electronic component
500 of FIG. 5, the connection layer 530 comprising the plu-
rality of depressions can be fabricated by a photolithographic
method or a lift-off method.

According to an embodiment of the electronic component
500 of FIG. 5, the filler material 540 is comprised of one or
more of a heat-shrinkable material, an electrically conductive
material, an insulator material, a polymer material, an adhe-
sive material, and anyone of the above-mentioned materials
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as a host material filled with particles, in particular one or
more of electrically conductive particles, insulating particles
and microscopic or nanoscopic particles.

Referring to FIG. 6, there is shown a schematic cross-
sectional side view representation of an electronic component
according to an embodiment. The electronic component 600
of FIG. 6 is a further development of the electronic compo-
nent 500 of FIG. 5. As far as the same reference signs are used,
the description of the respective elements will not be repeated
here. The electronic component 600 in addition comprises
second and third contact layers 523 and 524 on a front surface
of the semiconductor chip 520, wherein a further connection
layer 560 is applied to the contact layers 523 and 524. The
connection layer 560 can be formed in the same way as the
connection layer 530, namely by comprising depressions 570
defined by pillars 580. In a later stage connection elements
may be connected to the connection layer 560 by use of a filler
material in the same way as described above for the backside
of the semiconductor chip.

While the invention has been illustrated and described with
respect to one or more implementations, alterations and/or
modifications may be made to the illustrated examples with-
out departing from the spirit and scope of the appended
claims. In particular regard to the various functions per-
formed by the above described components or structures (as-
semblies, devices, circuits, systems, etc.), the terms (includ-
ing a reference to a “means”) used to describe such
components are intended to correspond, unless otherwise
indicated, to any component or structure which performs the
specified function of the described component (e.g., that is
functionally equivalent), even though not structurally equiva-
lent to the disclosed structure which performs the function in
the herein illustrated exemplary implementations of the
invention.

What is claimed is:

1. An electronic component, comprising:

a carrier;

a semiconductor chip comprising a main face;

a connection layer disposed on the main face of the semi-
conductor chip, the connection layer comprising a plu-
rality of depressions, wherein the connection layer is
disposed between the semiconductor chip and the car-
rier, and wherein the depressions or part of them have a
depth so that they do not reach the main face of the
semiconductor chip; and

a filler material disposed in the depressions of the connec-
tion layer.

2. The electronic component according to claim 1, wherein

the filler material comprises a heat-shrinkable material.

3. The electronic component according to claim 1, wherein
the filler material comprises an adhesive material.

4. The electronic component according to claim 1, wherein
the filler material comprises a host material filled with con-
ductive particles.

5. The electronic component according to claim 1, wherein
the semiconductor chip comprises an electrical device having
afirst electrical contact element at the main face and a second
contact element at a further main face opposite to the main
face.

6. The electronic component according to claim 5, wherein
the electrical device comprises a vertical transistor, an MOS
transistor, an IGB transistor, or a power transistor.

7. The electronic component according to claim 5, further
comprising an electrically conductive layer disposed onto the
first electrical contact element, wherein the depressions are
formed into the electrical conductive layer.
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8. The electrical component according to claim 1, wherein
the semiconductor chip further comprises a further main face
opposite to the main face, the electrical component further
comprising a further connection layer disposed on the further
main face of the semiconductor chip, the further connection
layer comprising a plurality of depressions.

9. The electronic component according to claim 1, wherein
the depressions are formed as columns, the columns having
vertical side faces.

10. The electronic component according to claim 1,
wherein the depressions have one or more of equal form,
equal dimensions and equal distances from each other.

11. The electronic component according to claim 1,
wherein the depressions are arranged in a regular manner.

12. The electronic component according to claim 1,
wherein the filler material is an electronically conductive
material.
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